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Beyond the Kalman Filter: Particle Filters for Tracking Applications Tracking a Ballistic Object on Reentry 




The recursive computation of information matrix in the general case can be 
done using (4.13). The described problem of tracking a ballistic object on reentry, 
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This function is plotted in Figure 5.4 for u = 2000 m/s, computed along the true 
trajectory. It appears that there is a higher degree of nonlinearity for smaller values 
of the ballistic coefficient, that is, for lighter tactical ballistic missiles. 

1 The main drawback of this heuristic measure is that it does not take into account the support of the 
pdf. In general, when the support is tight, the nonlinearity appears less severe. 
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Beyond the Kalman Filter: Particle Filters for Tracking Applications Tracking a Ballistic Object on Reentry 
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Beyond the Kalman Filter: Particle Filters for Tracking Applications Bearings-Only Tracking 
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Both changes require the ability to sample from a truncated density. A simple 
method to sample from a generic truncated density t(x) defined by 




CRLB(RMSfc) = yj J^[l,l] + Jfc x [2,2] (6.105) 

The second metric stated above is the efficiency parameter r] defined as 
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the MP-EKF is the worst in this set of trials. For a large value of gq, we note that 
except for the PF and UKF, the other filters show a degradation in performance. In 
The second trial examines the error performance of the particle filter for particular, the RMS error at the end of the observation period for the PF and UKF 

varying values of the number of particles. Figure 6.4 shows the efficiency at final was within 13% and 15%, respectively, of the final target range. For the RP-EKF 

time, t? 3 o, as a function of the number of particles for 100 < N < 10000. As and MP-EKF, the same metric was 33% and 92%, respectively. 
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Figure 7.2 The range-only tracking scenario. 







7.2. The target is moving towards northeast with a speed of 8 m/s. The observer 7.4(c,d). Since the target is moving with a constant velocity along a straight line, the 

is flying at a speed of 150 m/s along a circular path with a radius of 15 km. At observability criterion [3] requires the observer to have some nonzero acceleration. 






















Beyond the Kalman Filter: Particle Filters for Tracking Applications Range-Only Tracking 




If the observer is moving along a straight line with a constant velocity (the same as the target), the 
calculated CRLBs are monotonically increasing. This confirms the observability requirement for 
nonzero acceleration. 

The so-called “debiased consistent” conversion [8] is recommended for large values of ctq . 
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A possible alternative would be to use equivalent measurements [14, p. 684]. 

Note, however, that the problem of joint data association and filtering using a sequential Monte 
Carlo method is considered in Chapter 12, in the context of group tracking. 








Beyond the Kalman Filter: Particle Filters for Tracking Applications Bistatic Radar Tracking 





and Wfc is zero-mean white Gaussian with covariance matrix given by (8.9). As 
described in Section 8.2, in addition to the target originated measurements, there is 
a possibility of false measurements. Furthermore, the target is not detected in the 
blind Doppler region, defined by (8.10). 
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The chapter presented an investigation of tracking algorithms and their performance 
for the bistatic radar using the measurements of target bearings and Doppler only. 
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CN 





In general this assumption is unnecessary; the extension to nonlinear state equation as in (11.1) 
follows directly from the material presented in Chapter 4. 
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(c) This chapter presented a recursive Bayesian solution to the track-before-detect 

problem, implemented as a particle filter. The potential benefits of the track- 

fi *™ U f r Pa “ icle filter error performance: the RMS error curves (thin line) against the v^CRLB before-detect approach have been exploited via the concept of target existence 

(thick line) for (a) position it, (b) velocity x t, and (c) intensity /t. . / , , , * „ , . . nxTn 

and as a result the developed PF can successfully detect and track low SNR 

(stealthy) subpixel-size targets. The required number of particles could be reduced 
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Figure 12.3 Individual target tracks produced by the SIR-PF for scenario with P D =1. Figure 12.5 Individual target tracks produced by the RBPF for scenario with P D = 1. 
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Figure 12.7 Individual target tracks produced by the JPDA for scenario with Pd- 
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Figure 12.10 Individual target tracks produced by the RBPF for scenario with P D ~ 0.8. Figure 12.12 Individual target tracks produced by the JPDA for scenario with P D = 0.8. 
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The inverse transformation is then: 
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Signal Processing 


For most tracking applications the Kalman filter is reliable and efficient, but it is 
limited to a relatively restricted class of linear Gaussian problems. To solve prob¬ 
lems beyond this restricted class, particle filters are proving to be dependable 
methods for stochastic dynamic estimation. Packed with 867 equations, this 
cutting-edge book introduces the latest advances in particle filter theory, discusses 
their relevance to defense surveillance systems, and examines defense-related 
applications of particle filters to nonlinear and non-Gaussian problems. 

This hands-on guide helps professionals develop more accurate and reliable non¬ 
linear filter designs and more precisely predict the performance of these designs. 
Practitioners can also apply particle filters to tracking a ballistic object, detection 
and tracking of stealthy targets, tracking through the blind Doppler zone, bistatic 
radar tracking, passive ranging (bearings-only tracking) of maneuvering targets, 
range-only tracking, terrain-aided tracking of ground vehicles, and group and 
extended object tracking. 

Branko Ristic is a senior research scientist in the Tracking and Sensor Fusion 
Group at the ISR Division of DSTO, Edinburgh, Australia. In 2002 he was 
awarded the Defence Science Fellowship by the Information Sciences Laboratory 
of DSTO. He earned his Ph.D. at the Signal Processing Research Centre of 
Queensland University of Technology, Australia. 

Sanjeev Arulampalam is a senior research scientist in the Submarine Combat 
Systems Group, Maritime Operations Division of DSTO, Edinburgh, Australia. In 
2000 he was awarded the Anglo-Australian Postdoctoral Fellowship by the Royal 
Academy of Engineering, London. He earned his Ph.D. in electrical and electronics 
engineering at the University of Melbourne, Australia. 

Neil Gordon is a senior research scientist in the Tracking and Sensor Fusion 
Group at the ISR Division of DSTO, Edinburgh, Australia. Dr. Gordon earned his 
Ph.D. in statistics at the Imperial College, University of London. 
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